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(54) LIGHT-EMITTING ELEMENT AND MANUFACTURING METHOD FOR THE LIGHT-EMITTING 
ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a light-emitting 
element, on both faces of which electrodes are formed and 
which comprises a nitride semiconductor layer, and to 
provide a manufacturing method for the light-emitting 
element. 

SOLUTION: In the manufacturing method, a wafer on which 
an n-type nitride semiconductor layer and a p-type nitride 
semiconductor layer are laminated on a substrate is divided 
into light-emitting elements. The manufacturing method 
contains a p-electrode forming process, where a first metal 
layer which comes into ohmic contact with the p-type 
nitride semiconductor layer is formed nearly over the whole 
face of the p-type nitride semiconductor layer and a 
warpage preventing layer, which prevents the warpage of 
the wafer, is formed in the upper part from the metal layer. 
The manufacturing method contains a substrate removal 
process, where after the p-electrode formation process, the 
substrate is removed from the face on the opposite side of 
a substrate face on which the nitride semiconductor layer is 
laminated, in such a way that at least a part of the n-type nitride semiconductor layer is exposed in 
the respective regions of the light-emitting elements to be divided. The manufacturing method 
contains an n-electrode formation process where an n-electrode is formed, so as to come into 
contact with at least a part of the exposed n-type nitride semiconductor layer. The manufacturing 
method contains a division process, where the wafer on which the p-electrode and the n-electrode 
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are formed is divided to form the light-emitting elements. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the manufacture approach of a light emitting device of dividing the wafer with which it 
reached with n mold nitride semi-conductor layer at least on the substrate, and the laminating of the p 
mold nitride semi-conductor layer was carried out for every light emitting device p electrode formation 
process which forms the 1st metal layer for [ of said p mold nitride semi-conductor layer ] acquiring p 
mold nitride semi-conductor layer and ohmic contact on the whole surface, and forms the curvature 
prevention layer for preventing the curvature of said wafer above said metal layer mostly, So that said a 
part of n mold nitride semi-conductor layer [ at least ] may be exposed to each field of the light emitting 
device which should be divided after said p electrode formation process The substrate clearance process 
of removing said substrate from the substrate side where the laminating of said nitride semi-conductor 
layer was carried out, and the field of an opposite hand, The manufacture approach of the light emitting 
device characterized by including n electrode formation process which forms n electrode so that at least 
the part on said exposed n mold nitride semi-conductor layer may be touched, and the division process 
which should divide the wafer with which said p electrode and said n electrode were formed, and which 
divides for every field and is used as a light emitting device. 

[Claim 2] Said curvature prevention layer is the manufacture approach of the light emitting device 
according to claim 1 characterized by thickness containing the 2nd metal layer 10 micrometers or more 
at least. 

[Claim 3] Said 2nd metal layer is the manufacture approach of the light emitting device according to 
claim 2 characterized by consisting of metals which contain nickel at least. 

[Claim 4] Said 2nd metal layer is the manufacture approach of the light emitting device according to 
claim 2 to 3 characterized by being formed by non-electric-field plating. 

[Claim 5] Said curvature prevention layer is the manufacture approach of the light emitting device 
according to claim 1 characterized by consisting of resin layers formed on said 1st metal layer except the 
part in which one or more metal bumps formed on said 1st metal layer and said metal bump were 
formed at least. 

[Claim 6] The manufacture approach of the light emitting device according to claim 1 to 5 characterized 
by containing further with Au layer formation process which forms Au layer which contains Au at least 
above said curvature prevention layer. 

[Claim 7] Said substrate is the manufacture approach of the light emitting device according to claim 1 to 
6 characterized by using sapphire. 

[Claim 8] Said n electrode is the manufacture approach of the light emitting device according to claim 1 
to 7 characterized by being a transparent electrode. 

[Claim 9] In the light emitting device which the semi-conductor layer to which the laminating of n mold 
nitride semi-conductor layer and the p mold nitride semi-conductor layer was carried out at least is 
formed, and has n electrode and p electrode said n electrode and said p electrode On both sides of said 
semi-conductor layer, it is formed face to face, respectively. Said p electrode The light emitting device 
characterized by consisting of a 1st metal layer for [ of said p mold nitride semi-conductor layer ] 
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acquiring p mold nitride semi-conductor layer and ohmic contact on the whole surface mostly, and a 
curvature prevention layer for preventing the curvature of said wafer above said metal layer at least. 
[Claim 10] In the light emitting device which the semi-conductor layer to which the laminating of n 
mold nitride semi-conductor layer and the p mold nitride semi-conductor layer was earned out at least is 
formed, and has n electrode and p electrode said p electrode The 1st metal layer for [ of said p mold 
nitride semi-conductor layer ] acquiring p mold nitride semi-conductor layer and ohmic contact on the 
whole surface mostly, It consists of curvature prevention layers for preventing the curvature of said 
wafer above said metal layer at least. It is the light emitting device which said some of substrates [ at 
least ] were removed, has exposed said n mold nitride semi-conductor layer, and is characterized by 
forming said n electrode so that at least the part on said exposed n mold nitride semi-conductor layer 
may be touched. - 
[Claim 1 1] Said curvature prevention layer is a light emitting device according to claim 9 or 1U 
characterized by thickness containing the 2nd metal layer 10 micrometers or more at least. 
[Claim 12] Said 2nd metal layer is a light emitting device according to claim 1 1 characterized by 
consisting of metals which contain nickel at least. 

[Claim 13] Said 2nd metal layer is a light emitting device according to claim 1 1 to 12 characterized by 
being formed by non-electric-field plating. 

[Claim 14] Said curvature prevention layer is a light emitting device according to claim 9 or 10 
characterized by consisting of resin layers formed on said 1st metal layer except the part in which one or 
more metal bumps formed on said 1st metal layer and said metal bump were formed at least. 
[Claim 15] Said resin layer is a light emitting device according to claim 14 characterized by thickness 
being 20 micrometers or more. 

[Claim 16] Said p electrode is a light emitting device according to claim 9 to 15 characterized by having 
Au layer which contains Au at least above said curvature prevention layer. 

[Claim 17] Said substrate is a light emitting device according to claim 9 to 16 characterized by using 

sapphire. . . 

[Claim 18] Said n electrode is a light emitting device the claim 9 characterized by being a transparent 

electrode thru/or given in 17. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of of the light emitting 
device and light emitting device which have the electrode used for light emitting devices, such as LED 
(light emitting diode) and LD (laser diode), especially a nitride semi-conductor layer (for example, 
InxAlyGal-x-yN, 0<=x, 0<=y, x+y<=l). 
[0002] 

[Description of the Prior Art] The light emitting device which has a nitride semi-conductor layer so that 
it may be represented by blue LED and LD etc. in recent years attracts attention. Luminescence is 
performed by carrier association with the carrier with which this nitride semi-conductor layer was 
roughly poured in from p mold nitride semi-conductor layer, and the carrier poured in from n mold 
nitride semi-conductor layer, and good crystallinity is acquired by forming especially these nitrides 
semi-conductor layer on silicon on sapphire. However, sapphire is the insulating matter and cannot form 
an electrode in a silicon-on-sapphire front face. For this reason, when the substrate which consists of 
insulating matter, such as silicon on sapphire, was used for a light emitting device, the electrode needed 
to be formed on the contact layer which removed the semi-conductor layer by etching etc. and was 
exposed. 
[0003] 

[Problem(s) to be Solved by the Invention] As mentioned above, when a semi-conductor layer was 
removed and an electrode was formed, the number of the light emitting devices obtained from per unit 
area of a wafer decreased, and had the trouble that a manufacturing cost became high. Moreover, since 
an electrode section approached, position control of high degree of accuracy needed to be performed at 
the time of bonding. 

[0004] After forming a nitride semi-conductor layer on wafer-like silicon on sapphire to this again, 
polish etc. removed silicon on sapphire and there was a technique which forms the electrode of each 
positive/negative in the location which countered on both sides of the semi-conductor layer. However, 
since curvature arose from the mismatching of the lattice constant of a nitride semi-conductor layer and 
sapphire to a wafer and the crack of a semi-conductor layer etc. occurred as silicon on sapphire is 
ground, there was a trouble that the manufacture yield worsened and a manufacturing cost became high. 
Since especially the mismatching of the lattice constant of silicon on sapphire and a nitride semi- 
conductor is large, in the light emitting device which consists of a nitride semi-conductor, this curvature 
poses a big problem. 

[0005] Then, this invention aims at offering the manufacture approach of of the light emitting device 
and light emitting device which have the nitride semi-conductor layer in which the electrode was formed 
to both sides of a light emitting device by low cost, without causing lowering of the manufacture yield, 
acquiring good crystallinity. 
[0006] 

[Means for Solving the Problem] In the manufacture approach of a light emitting device of dividing the 
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wafer with which the manufacture approach of the light emitting device of this invention reached with n 
mold nitride semi-conductor layer at least on the substrate, and the laminating of the p mold nitride 
semi-conductor layer was carried out for every light emitting device p electrode formation process 
which forms the 1st metal layer for [ of said p mold nitride semi-conductor layer ] acquiring p mold 
nitride semi-conductor layer and ohmic contact on the whole surface, and forms the curvature 
prevention layer for preventing the curvature of said wafer above said metal layer mostly, So that said a 
part of n mold nitride semi-conductor layer [ at least ] may be exposed to each field of the light emitting 
device which should be divided after said p electrode formation process The substrate clearance process 
of removing said substrate from the substrate side where the laminating of said nitride semi-conductor 
layer was carried out, and the field of an opposite hand, n electrode formation process which forms n 
electrode so that at least the part on said exposed n mold nitride semi-conductor layer may be touched, 
and the division process which should divide the wafer with which said p electrode and said n electrode 
were formed and which divides for every field and is used as a light emitting device are included. By 
this, the light emitting device which has the nitride semi-conductor layer in which the electrode was 
formed to both sides of a light emitting device can be offered by low cost, without causing lowering of 
the manufacture yield, acquiring good crystallinity. 

[0007] Moreover, said curvature prevention layer can consider the manufacture approach of the light 
emitting device of this invention as the configuration in which thickness contains the 2nd metal layer 10 
micrometers or more at least. 

[0008] Moreover, the manufacture approach of the light emitting device of this invention consists of 
metals with which said 2nd metal layer contains nickel at least. 

[0009] Moreover, said 2nd metal layer is formed for the manufacture approach of the light emitting 
device of this invention by non-electric-field plating. 

[0010] Moreover, the manufacture approach of the light emitting device of this invention may consist of 
resin layers formed on said 1st metal layer except the part in which one or more metal bumps formed on 
said 1st metal layer and said metal bump were formed for said curvature prevention layer at least. 
[001 1] Moreover, the manufacture approach of the light emitting device of this invention is further 
included with Au layer formation process which forms Au layer which contains Au at least above said 
curvature prevention layer. 

[0012] Moreover, in the manufacture approach of the light emitting device of this invention, said 
substrate uses sapphire. 

[0013] Moreover, in the manufacture approach of the light emitting device of this invention, said n 
electrode is a transparent electrode. 

[0014] Moreover, the semi-conductor layer to which the laminating of n mold nitride semi-conductor 
layer and the p mold nitride semi-conductor layer was carried out at least is formed, and the light 
emitting device of this invention is set to the light emitting device which has n electrode and p electrode. 
On both sides of said semi-conductor layer, said n electrode and said p electrode counter, and are 
formed, respectively. Said p electrode It consists of a 1st metal layer for [ of said p mold nitride semi- 
conductor layer ] acquiring p mold nitride semi-conductor layer and ohmic contact on the whole surface 
mostly, and a curvature prevention layer for preventing the curvature of said wafer above said metal 
layer at least. 

[0015] Moreover, light emitting device of this invention In the light emitting device which the semi- 
conductor layer to which the laminating of n mold nitride semi-conductor layer and the p mold nitride 
semi-conductor layer was carried out at least is formed, and has n electrode and p electrode Said p 
electrode The 1st metal layer for [ of said p mold nitride semi-conductor layer ] acquiring p mold nitride 
semi-conductor layer and ohmic contact on the whole surface mostly, It consists of curvature prevention 
layers for preventing the curvature of said wafer above said metal layer at least. Said some of substrates 
[ at least ] were removed, said n mold nitride semi-conductor layer is exposed, and said n electrode can 
be considered as the configuration formed so that at least the part on said exposed n mold nitride semi- 
conductor layer may be touched. 

[0016] Moreover, said curvature prevention layer can consider the light emitting device of this invention 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2/1/2005 



Page 3 of 8 



as the configuration in which thickness contains the 2nd metal layer 10 micrometers or more at least. 
[0017] Moreover, the light emitting device of this invention consists of metals with which said 2nd 
metal layer contains nickel at least. 

[0018] Moreover, said 2nd metal layer is formed for the light emitting device of this invention by non- 
electric-field plating. 

[0019] Moreover, the light emitting device of this invention may consist of resin layers formed on said 
1st metal layer except the part in which one or more metal bumps formed on said 1st metal layer and 
said metal bump were formed for said curvature prevention layer at least. 

[0020] Moreover, as for the light emitting device of this invention, the thickness of said resin layer is 20 
micrometers or more. 

[0021] Moreover, the light emitting device of this invention has Au layer in which said p electrode 
contains Au at least above said curvature prevention layer. 

[0022] Moreover, sapphire is used for the light emitting device of this invention by said substrate. 
[0023] Moreover, said n electrode of the light emitting device of this invention is a transparent electrode. 

[0024] 

[Embodiment of the Invention] (Gestalt 1 of operation) The electrode formation approach of the light 
emitting device of this invention and a light emitting device is explained below. 
[0025] As shown in drawing 1 (a), the semi-conductor layer 2 is formed on the wafer-like substrate 1 . 
As a substrate 1, insulating substrates, such as sapphire and a spinel, are used, for example. The semi- 
conductor layer 2 is formed of a nitride semi-conductor layer, and consists of an n mold nitride semi- 
conductor layer 21 which consists of nitride semi-conductor InxAlyGal-x-yN (0<=x, 0<=y, x+y<=l) 
which doped n mold impurities, such as Si, and a p mold nitride semi-conductor layer 23 which consists 
of a nitride semi-conductor which doped p mold impurities, such as Mg, at least. 
[0026] the [ and / which is the 1st metal layer from which p mold nitride semi-conductor layer 23 and 
ohmic contact are acquired on p mold nitride semi-conductor layer 23 as shown in drawing 1 (b) after 
forming the semi-conductor layer 2, and which formed Pt, for example on the nickel/Pt layer ] - 
sequential formation of lp electrode 31 and the curvature prevention layer 32 is carried out. Here, as for 
the curvature prevention layer 32, thickness is formed from a metal layer 10 micrometers or more. Thus, 
the supporter material of the wafer for clearance of a substrate 1 can be mostly obtained by 
reinforcement sufficient by the p electrode 3 of a wafer with which thickness contains the 2nd metal 
layer 10 micrometers or more at least on the whole surface being formed for the whole wafer. As for this 
support metal layer 32, being formed by non-electric-field plating is desirable. When insulating matter, 
such as sapphire, is used for a substrate 1, it is because it is difficult to impress electric field to the whole 
wafer at homogeneity, and to form a uniform metal layer. If the thickness of the curvature prevention 
layer 32 serves as an ununiformity at this time, distortion will arise to a wafer and the semi-conductor 
layer 2 will crack-come to be easy. 

[0027] Then, as shown in drawing 1 (c), the wafer with which the p electrode 3 which has the support 
metal layer 32 was formed in susceptor 5 is laid so that the p electrode 3 side may counter susceptor 5, 
and it grinds so that n mold nitride semi-conductor layer 21 may expose a substrate 1 by using the polish 
member 6, and removes. Or after leaving 10-100 micrometers of substrates, it is good also as a 
configuration which removes some substrates [ at least ] 1 with etching or a dicing saw. Thus, a part of n 
mold nitride semi-conductor layer [ at least ] 21 is exposed. Thus, when thickness forms p electrode 
which has the 2nd metal layer 10 micrometers or more at least on p mold nitride semi-conductor layer 
23, the curvature of the wafer produced at the time of polish of a substrate 1 can be reduced, and the 
crack of the semi-conductor layer 2 can be prevented and ******(ed). Moreover, a substrate 1 can be 
ground, reducing distortion and keeping parallelism good [ precision ]. 

[0028] And the n electrode 4 which consists of W/aluminum or ITO is formed in exposed n mold nitride 
semi-conductor layer 21. In this case, it is good also as a configuration which forms n electrode so that 
at least the part on exposed n mold nitride semi-conductor layer may be touched. By forming the n 
electrode 4 as a transparent electrode especially, the p electrode 3 with which it was formed by sufficient 
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thickness and the high reflection factor was obtained is used as a reflector, it is efficient and the light 
generated in the semi-conductor layer 2 can be taken out. In W/aluminum, it can be made into a 
transparent electrode by forming W by 10-30A in about 20-40A and ITO, and forming aluminum by the 
thickness of 1000-5000A. 

[0029] Thus, the wafer in which the electrode was formed can be divided into suitable magnitude, and a 
light emitting device can be obtained. The number of the light emitting devices which the yield 
improves since the crack of a wafer can be prevented, and are obtained from per unit area of a wafer by 
the electrode formation approach of the light emitting device of this invention can be raised. Moreover, 
uniform luminescence is obtained from the ability of the light emitting device of this invention to 
counter and form the p electrode 3 and the n electrode 4 on both sides of the semi-conductor layer 2. 
Furthermore, since the crystalline good nitride semi-conductor layer 2 can be formed when sapphire is 
used as a substrate 1, high luminescence of luminous efficiency is obtained. 

(Gestalt 2 of operation) The electrode formation approach of the light emitting device of this invention 
and a light emitting device is explained below. 

[0030] As shown in drawing 7 (a), the semi-conductor layer 2 is formed on the wafer-like substrate 1 . 
As a substrate 1, insulating substrates, such as sapphire and a spinel, are used, for example. The semi- 
conductor layer 2 is formed of a nitride semi-conductor layer, and consists of an n mold nitride semi- 
conductor layer 21 which consists of nitride semi-conductor InxAlyGal-x-yN (0<=x, 0<=y, x+y<=l) 
which doped n mold impurities, such as Si, and a p mold nitride semi-conductor layer 23 which consists 
of a nitride semi-conductor which doped p mold impurities, such as Mg, at least. 
[003 1] the [ and / which is the metal layer in which it formed, the metal, for example, the nickel/Pt layer, 
on p mold nitride semi-conductor layer 23 from which p mold nitride semi-conductor layer 23 and 
ohmic contact are acquired on the whole surface, mostly as shown in drawing 7 (b) after forming the 
semi-conductor layer 2 ] - lp electrode 31 is formed, the [ this ] - lp electrode 31 is good on a 
nickel/Pt layer also as a configuration which carried out the laminating of the Pt layer further. 
[0032] the - it is shown in drawing 7 (c) after lp electrode formation - as - the - two or more metal 
bump 32a is formed on lp electrode 3 1 . next, the part in which metal bump 32a was formed as shown in 
drawing 7 (d) - removing - the - resin layer 32b is formed on lp electrode 3 1 . And figuring processing 
for making a front face into homogeneity by grinding etc. is performed. Of these metal bump 32a and 
resin layer 31b, the curvature prevention layer 32 which prevents the curvature of a wafer at the time of 
substrate 1 polish is formed. As for this curvature prevention layer 32, it is desirable to be referred to as 
about 40-80 micrometers. Thus, the supporter material of the wafer for clearance of a substrate 1 can be 
obtained by reinforcement sufficient by the thing of a wafer for which a curvature prevention layer is 
mostly formed in the whole surface for the whole wafer. 

[0033] Then, as shown in drawing 7 (e), the wafer with which the p electrode 3 which has the curvature 
prevention layer 32 was formed in susceptor 5 is laid so that the p electrode 3 side may counter 
susceptor 5, and it grinds so that n mold nitride semi-conductor layer 21 may expose a substrate 1 by 
using the polish member 6, and removes. Or after leaving 10-100 micrometers of substrates, it is good 
also as a configuration which removes some substrates [ at least ] 1 with etching or a dicing saw. Thus, a 
part of n mold nitride semi-conductor layer [ at least ] 21 is exposed. Thus, when thickness forms p 
electrode which has the curvature prevention layer 32 10 micrometers or more at least on p mold nitride 
semi-conductor layer 23, the curvature of the wafer produced at the time of polish of a substrate 1 can be 
reduced, and the crack of the semi-conductor layer 2 can be prevented. Moreover, a substrate 1 can be 
ground, reducing distortion and keeping parallelism good [ precision ]. 

[0034] And the n electrode 4 which consists of W/aluminum or ITO is formed in exposed n mold nitride 
semi-conductor layer 21 . In this case, it is good also as a configuration which forms n electrode so that 
at least the part on exposed n mold nitride semi-conductor layer may be touched. 
[0035] Thus, the wafer in which the electrode was formed can be divided into the suitable magnitude 
containing at least one metal bump 32a, and a light emitting device can be obtained. The number of the 
light emitting devices which the yield improves since the crack of a wafer can be prevented, and are 
obtained from per unit area of a wafer by the electrode formation approach of the light emitting device 
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of this invention can be raised. Moreover, uniform luminescence is obtained from the ability of the light 
emitting device of this invention to counter and form the p electrode 3 and the n electrode 4 on both 
sides of the semi-conductor layer 2. Furthermore, since the crystalline good nitride semi-conductor layer 
2 can be formed when sapphire is used as a substrate 1 , high luminescence of luminous efficiency is 
obtained. 

(Example 1) An example at the time of applying the formation approach of the electrode of the light 
emitting device in this invention to LED is explained. 

[0036] For example, each class is formed by the organic metal vapor growth approach (MOCVD law), 
using a sapphire C side as a substrate 1. The buffer layer which makes the mismatching of the lattice 
constant of a substrate 1 and the nitride semi-conductor layer 2 ease on a substrate 1 as shown in 
drawi ng 2 (a) (not shown), By n mold contact layer and carrier association which are n mold nitride 
semi-conductor layer 21 for acquiring n electrode and ohmic contact Sequential formation of the p mold 
nitride semi-conductor layer 23 which consists of p mold contact layers for acquiring p mold cladding 
layer for confining in a barrier layer the barrier layer 22 and carrier which are made to generate light and 
p electrode, and ohmic contact is carried out. 

[0037] A buffer layer consists of GaN(s) of 10A - 500A of thickness which performed crystal growth by 
low temperature, n mold contact layer consists of 2-6-micrometer Si dopes GaN preferably 1 -20 
micrometers of thickness. Moreover, n mold cladding layer which consists of AlGaN(s) by which Si was 
doped may be formed on n mold contact layer. A barrier layer 22 may be constituted from InGaN and 
may be constituted as the single well layer or multiplex quantum well layer of GaN/InGaN/GaN. p mold 
cladding layer consists of Mg dopes AlGaN of 100-500A of thickness. Moreover, the carrier to a barrier 
layer also closes this p mold cladding layer, and it is omissible if eye ** is enough, p mold contact layer 
consists of 0.05-0.2-micrometer Mg dopes GaN preferably 0.00 1 -0. 5 micrometers of thickness. 
[0038] Annealing is performed, after forming nickel by the thickness of 100A on p mold nitride semi- 
conductor layer 23 of the wafer formed as mentioned above and forming Pt by sputtering etc. by the 
thickness of 500 A on it as shown in drawing 2 (b). The ohmic contact with a combination of this 
nickel/Pt as good also as nickel/Au, Co/Au, and Pd/Pt as p mold nitride semi-conductor layer 23 is 
acquired, furthermore, Pt after forming a nickel/Pt layer - the thickness of 5000 A » forming ~ 
annealing — carrying out ~ the — it takes 1 p electrode 31. 

[0039] the - after lp electrode 31 formation ~ further - Palladium Pd -- the thickness of several 
angstroms - 1000A - sputtering - or - or roughen a front face, it is made to adsorb by etching, and 
substrate layer 32a is formed. This Pd acts as a reaction catalyst. And on substrate layer 32a, 10 
micrometers or more, P-nickel is preferably formed by non-electric-field plating by the thickness of 50- 
300 micrometers, and is set to 2nd metal layer 32b. 5 - 10% of the Lynn content is desirable. Au is lastly 
formed with non-electric-field plating or vacuum deposition by the thickness of 1000A. Since it is 
difficult to carry out the seal of approval of the uniform electric field to the whole wafer when 
insulators, such as sapphire, are used for the substrate 1 of the nitride semi-conductor layer 2, it is 
desirable to form the metal layer which has sufficient thickness with non-electric-field plating. Cu, Au, 
and Ag are mentioned as an example of other non-electric-field plating of nickel. Especially nickel has a 
quick formation rate, and since it becomes easy to obtain sufficient thickness, it is desirable. 
[0040] Then, the wafer with which the p electrode 3 was formed is laid in the susceptors 5, such as a 
surface plate, and the 1st page of a substrate is ground by the polish members 6, such as a grinding 
stone, as shown in drawing 2 (c). the [ thus, ] - a substrate 1 can be ground to parallel, without being 
able to prevent that a wafer is distorted and a wafer breaking at the time of substrate polish, by forming 
2nd metal layer 32b which has sufficient thickness as compared with 1 p electrode 31. 
[0041] Polish of this substrate 1 is performed until n mold nitride semi-conductor layer 21 is exposed, as 
shown in drawin g 3 (a). After polish of a substrate 1 etches [ damage ] about 1-2 micrometers in R1E in 
a carrier beam field by polish of n mold contact layer 21 . Then, it is 20 A in thickness about a tungsten, 
then, aluminum is formed by sputtering by the thickness of 30A at exposed n mold contact layer 21, 
annealing is performed, and as shown at drawing 3 (b), the n electrode 4 is formed. Moreover, this n 
electrode 4 may be formed from ITO. Thus, a dicing saw divides the formed wafer, and as shown in 
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drawin g 3 (c), it considers as a light emitting device. 

[0042] Moreover, although the example which forms n electrode all over a wafer here was shown, the 
ejection effectiveness of the light from a light emitting device can be improved by forming the n 
electrode 4 selectively by patterning. 

(Example 2) The process to p electrode 3 formation is performed like an example 1. As a light emitting 
device is laid in susceptor 5 and shown in drawing 4 (a) after p electrode formation, it grinds by the 
polish member 6 so that it may leave 10 micrometers - about 100 micrometers of substrates 1 to n mold 
nitride semi-conductor layer 21 side. What is necessary is just to set up suitably the thickness of this 
substrate 1 that it should leave according to the control precision of polish. Then, as shown in drawing 4 
(b), with a dicing saw, a substrate 1 is shaved by Mr. about 0.5-2.0-micrometer Fukashi of n mold 
contact layer, and a slot is formed. To silicon on sapphire 1 and n mold nitride semi-conductor layer 21, 
after formation of a slot etches so that n mold nitride semi-conductor layer 21 can delete about 1-2 
micrometers in RIE. 

[0043] And to a substrate 1 and n mold nitride semi-conductor layer 21, Aluminum aluminum is formed 
for Tungsten W by sputtering by the thickness of 30A after that with the thickness of 20A, annealing is 
performed, and as shown in drawing 4 (c), the n electrode 4 is formed. Thus, a dicing saw divides the 
formed wafer for every light emitting device, as shown in drawing 4 (d). 

[0044] This example 2 can stop the damage by the polish to n mold nitride semi-conductor layer 21 to 
the minimum. Moreover, it can prevent grinding n mold nitride semi-conductor layer 21 too much by 
control dispersion of the polish depth. 

[0045] Moreover, it is not necessary to necessarily form the n electrode 4 all over n mold nitride semi- 
conductor layer 21, and as shown in the perspective view of the light emitting device shown in drawing 
5 (a), it may form the n electrode 4 selectively. Drawing 5 (b) is the top view which looked at the 
example of the n electrode 4 shown in drawing 5 (a) from right above the n electrode 4 here. The 
number of the slots formed in n mold nitride semi-conductor layer 21 does not need to be one, either, 
and they may be formed. [ two or more ] Of course, what is necessary is not to form the n electrode 4 
throughout a slot and to form the n electrode 4 only in a field required for carrier impregnation. 
[0046] Furthermore, the slot formed in n mold nitride semi-conductor layer 21 may be formed in each 
angle of a light emitting device from the core of a light emitting device, as shown in drawing 6 . 
However, drawing 6 is the top view which looked at the n electrode 4 from right above like drawing 5 
(b). In this example, since the n electrode 4 of each other within the flat surface of n mold nitride semi- 
conductor layer 21 is formed in the 2-way which is not parallel from the core of a light emitting device, 
a carrier is comparatively poured into homogeneity over the whole surface of a light emitting device, 
and luminescence in a light emitting device can be made into homogeneity. 

[0047] Furthermore, although it is desirable from not adding a new configuration to the manufacturing 
installation of a light emitting device to form a slot by using a dicing saw, the configuration in which n 
mold nitride semi-conductor layer 21 is exposed does not need to be a groove, in order not to be 
concerned with a configuration but to perform carrier impregnation, removes some [ at least ] substrates 
which are need, and should just expose n mold nitride semi-conductor layer 21 . 
(Example 3) An example at the time of applying the formation approach of the electrode of the light 
emitting device in this invention to LED is explained. 

[0048] For example, each class is formed by the organic metal vapor growth approach (MOCVD law), 
using a sapphire C side as a substrate 1. The buffer layer which makes the mismatching of the lattice 
constant of a substrate 1 and the nitride semi-conductor layer 2 ease on a substrate 1 as shown in 
drawing 8 (a) (not shown), By n mold contact layer and carrier association which are n mold nitride 
semi-conductor layer 21 for acquiring n electrode and ohmic contact Sequential formation of the p mold 
nitride semi-conductor layer 23 which consists of p mold contact layers for acquiring p mold cladding 
layer for confining in a barrier layer the barrier layer 22 and carrier which are made to generate light and 
p electrode, and ohmic contact is carried out. 

[0049] A buffer layer consists of GaN(s) of 1 OA - 500A of thickness which performed crystal growth by 
low temperature, n mold contact layer consists of 2-6-micrometer Si dopes GaN preferably 1-20 
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micrometers of thickness. Moreover, n mold cladding layer which consists of AlGaN(s) by which Si was 
doped may be formed on n mold contact layer. A barrier layer 22 may be constituted from InGaN and 
may be constituted as the single well layer or multiplex quantum well layer of GaN/InGaN/GaN. p mold 
cladding layer consists of Mg dopes AlGaN of 100-500A of thickness. Moreover, the carrier to a barrier 
layer also closes this p mold cladding layer, and it is omissible if eye ** is enough, p mold contact layer 
consists of 0.05-0.2-micrometer Mg dopes GaN preferably 0.001-0.5 micrometers of thickness. 
[0050] Annealing is performed, after forming nickel by the thickness of 100A on p mold nitride semi- 
conductor layer 23 of the wafer formed as mentioned above and forming Pt by sputtering etc. by the 
thickness of 500A on it as shown in drawing 8 (b). The ohmic contact with a combination of this 
nickel/Pt as good also as nickel/ Au, Co/Au, and Pd/Pt as p mold nitride semi-conductor layer 23 is 
acquired, furthermore, Pt after forming a nickel/Pt layer - the thickness of 5000A - forming - 
annealing - carrying out - the - it considers as lp electrode 31. 

[005 1] the - the [ after lp electrode 3 1 formation and ] - the [ except the part in which two or more 
metal bump 32a was formed on lp electrode 31, next metal bump 32a was formed ] - resin layer 32b is 
formed on lp electrode 3 1 . Metal bump 32a consists of a golden bump, a copper bump, a solder bump, 
etc. Moreover, resin layer 32b consists of epoxy resins etc. Of these metal bump 32a and resin layer 31b, 
the curvature prevention layer 32 which prevents the curvature of a wafer at the time of substrate 1 
polish is formed. As for this curvature prevention layer 32, it is desirable to be referred to as 20 
micrometers or more, and it is more desirable to be referred to as about 40-80 micrometers. Thus, the 
supporter material of the wafer for clearance of a substrate 1 can be obtained by reinforcement sufficient 
by the thing of a wafer for which a curvature prevention layer is mostly formed in the whole surface for 
the whole wafer. Moreover, it is [ after forming the curvature prevention layer 32 which consists of this 
metal bump 32a and resin layer 32b ] desirable by performing figuring processing and making thickness 
into homogeneity to prevent that distortion of the wafer at the time of substrate polish occurs. 
[0052] Moreover, lastly, with plating or vacuum deposition, Au is formed by the thickness of 1000A and 
it considers as the Au layer 34. By this, adhesion with the p electrode 3, a lead member, or a wire can be 
made good. This Au layer 34 is omissible if adhesion with the curvature prevention layer 32, a lead 
member, or a wire is good. 

[0053] Then, the wafer with which the p electrode 3 was formed is laid in the susceptors 5, such as a 
surface plate, and the 1st page of a substrate is ground by the polish members 6, such as a grinding 
stone, as shown in drawin g 8 (c). the [ thus, ] - a substrate 1 can be ground to parallel, without being 
able to prevent that a wafer is distorted and a wafer breaking at the time of substrate polish, by forming 
the curvature prevention layer 32 which has sufficient thickness as compared with lp electrode 31. 
[0054] Polish of this substrate 1 is performed until n mold nitride semi-conductor layer 21 is exposed, as 
shown in drawing 9 (a). After polish of a substrate 1 etches [ damage ] about 1-2 micrometers in RIE in 
a carrier beam field by polish of n mold contact layer 21. Then, it is 20 A in thickness about a tungsten, 
then, aluminum is formed by sputtering by the thickness of 30A at exposed n mold contact layer 21, 
annealing is performed, and as shown at drawing 9 (b), the n electrode 4 is formed. Moreover, this n 
electrode 4 may be formed from ITO. Thus, a dicing saw divides the formed wafer, and as shown in 
drawing 9 (c), it considers as a light emitting device. What is necessary is to be good also as 1 metal 
bump 32a per light emitting device, and just to have at least one metal bump 32a, although each light 
emitting device was considered as the configuration which has two metal bump 32a in the example 
shown in drawing 9 . 

[0055] Moreover, although the example which forms n electrode all over a wafer here was shown, the 
ejection effectiveness of the light from a light emitting device can be improved by forming the n 
electrode 4 selectively by patterning. 

(Example 4) The process to p electrode 3 formation is performed like an example 1 . As a light emitting 
device is laid in susceptor 5 and shown in drawing 10 (a) after p electrode 3 formation, it grinds by the 
polish member 6 so that it may leave 10 micrometers - about 100 micrometers of substrates 1 to n mold 
nitride semi-conductor layer 21 side. What is necessary is just to set up suitably the thickness of this 
substrate 1 that it should leave according to the control precision of polish. Then, as shown in drawing 
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10 (b), with a dicing saw, a substrate 1 is shaved by Mr. about 0.5-2.0-micrometer Fukashi of n mold 
contact layer, and a slot is formed. To silicon on sapphire 1 and n mold nitride semi-conductor layer 21, 
after formation of a slot etches so that n mold nitride semi-conductor layer 21 can delete about 1-2 
micrometers in RIE. 

[0056] And to a substrate 1 and n mold nitride semi-conductor layer 21, Aluminum aluminum is formed 
for Tungsten W by sputtering by the thickness of 30A after that with the thickness of 20A, annealing is 
performed, and as shown in drawing 10 (c), the n electrode 4 is formed. Thus, a dicing saw divides the 
formed wafer for every light emitting device, as shown in drawin g 10 (d). 

[0057] This example 2 can stop the damage by the polish to n mold nitride semi-conductor layer 21 to 
the minimum. Moreover, it can prevent grinding n mold nitride semi-conductor layer 21 too much by 
control dispersion of the polish depth. 

[0058] Moreover, it is not necessary to necessarily form the n electrode 4 all over n mold nitride semi- 
conductor layer 21, and like an example 2, as shown in the perspective view of the light emitting device 
shown in drawin g 5 (a), it may form the n electrode 4 selectively. Dramng_.5 (b) is the top view which 
looked at the example of the n electrode 4 shown in drawing 5 (a) from right above the n electrode 4 
here. The number of the slots formed in n mold nitride semi-conductor layer 21 does not need to be one, 
either, and they may be formed. [ two or more ] Of course, what is necessary is not to form the n 
electrode 4 throughout a slot and to form the n electrode 4 only in a field required for carrier 
impregnation. 

[0059] Furthermore, like an example 2, the slot formed in n mold nitride semi-conductor layer 21 may 
be formed in each angle of a light emitting device from the core of a light emitting device, as shown in 
drawing 6 . However, drawing 6 is the top view which looked at the n electrode 4 from right above like 
drawing 5 (b). In this example, since the n electrode 4 of each other within the flat surface of n mold 
nitride semi-conductor layer 21 is formed in the 2-way which is not parallel from the core of a light 
emitting device, a carrier is comparatively poured into homogeneity over the whole surface of a light 
emitting device, and luminescence in a light emitting device can be made into homogeneity. 
[0060] Furthermore, although it is desirable from not adding a new configuration to the manufacturing 
installation of a light emitting device to form a slot by using a dicing saw, the configuration in which n 
mold nitride semi-conductor layer 21 is exposed does not need to be a groove, in order not to be 
concerned with a configuration but to perform carrier impregnation, removes some [ at least ] substrates 
which are need, and should just expose n mold nitride semi-conductor layer 21 . 
[0061] 

[Effect of the Invention] By the electrode formation approach of the light emitting device of this 
invention, and a light emitting device, the light emitting device which has the nitride semi-conductor 
layer in which the electrode was formed to both sides of a light emitting device can be offered, acquiring 
good crystallinity. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing roughly the process from formation of p electrode in the gestalt 1 of 
operation of this invention to polish of a substrate. 

[Drawing 2] It is drawing showing roughly the process from formation of p electrode in the example 1 
of this invention to polish of a substrate. 

[Drawing 3] It is drawing showing roughly the process from clearance of the substrate in the example 1 

of this invention to formation of n electrode, and the division into a light emitting device. 

[Drawing 4] It is drawing showing roughly the process from clearance of the substrate in the example 2 

of this invention to formation of n electrode, and the division into a light emitting device. 

[Drawing 5] It is the schematic diagram of the light emitting device about the modification in the 

example 2 of this invention. 

[Drawing 6] It is the rough top view which looked at the light emitting device about other modifications 
in the example 2 of this invention from n electrode side. 

[Drawing 7] It is drawing showing roughly the process from formation of p electrode in the gestalt 2 of 
operation of this invention to polish of a substrate. 

[Drawing 8] It is drawing showing roughly the process from formation of p electrode in the example 3 
of this invention to polish of a substrate. 

[Drawing 9] It is drawing showing roughly the process from clearance of the substrate in the example 3 
of this invention to formation of n electrode, and the division into a light emitting device. 
[Drawing 10] It is drawing showing roughly the process from clearance of the substrate in the example 4 
of this invention to formation of n electrode, and the division into a light emitting device. 
[Description of Notations] 

1 ... Silicon on sapphire 

2 ... Nitride semi-conductor layer 

21 ... n mold nitride semi-conductor layer 
22 ... Barrier layer 

23 ... p mold nitride semi-conductor layer 

3 ... p electrode 

31 ... The 1st metal layer 

32 ... Curvature prevention layer 
32a ... Substrate layer 

32b ... The 2nd metal layer 
32c ... Metal bump 
3 2d ... Resin layer 
34 ... Au layer 
4 ... n electrode 

5 ... Susceptor 

6 ... Polish member 
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ITOO^-g-iil 0 0 0— 5 000Atf)JI§T7IM 
thZklzkiX. mWW&k-f&Z k ft . 
[0029] ^cfcpfcm^S-^jfcUOxA-* jf 

s***sfc*Hwu i«atTfr*ftiti»r*ft. * 

ft£IMT-£ft£i*^#©ifc W { |6LtU WiA 
-<0*fiffl«S^ ^ixft|fe3eS^»S:l»I±§ 

3 v nt!4 2 Sr^T-*fr6]LTffMT'# ft 

*>*ift. 

[ 0 0 3 0 ] 07 ( a ) toKti 0 fc, ^i/wt^i 
«l±tC^«c«2*«$ixft„ S«l LTtt. fc 

ft. *mm2\&. mm^mm^-yxm^ti. 
simonm-mi* Y-TLizwmmmi n,A 

l»Ga,.,. r N(02x, OSy. x+y^l) 

ft nsma^mmm 2 1 1 , m gf^pi^j' h 
-7-ufcHft«iiHit**»i5»J5r« P mmmmm 2 3 

[oo3i] *ix. mwm2*Bm*. mi (b> 

topt J: 3 (c p SfiftflMNWM 2 3 ioJJBr^Bfc: p 

7t t i«f n i / p t m *Btfi itz&mmx-h ft m 1 p « 
ffi3i*w$fift. zcomi pmM3 niN i/pt 

[0032] Si Ptg«jtf£, 07 ( c ) (C^-TJ: 3 

^mi p^&3 i±.izim<?>&m^yT3 2 a*^«$ 

ilft. mz. 07 ( d ) izijk-t X 7t:ilA>r3 2 a 
#7FM£ftitaft£|&vvcm pm=S3 1 _btcSMt® 3 
2brf«$fift„ ^-Lt. SWJ^cJ:oT^ffiS-%— 

izthtzxxowiiiimmzfTo . ^^f>^jgA>7*3 2 

ai3J:t^«|JBJB3 1 btcioT. Sffilgfffil^fcr^xA 
-^05-RfijttftRt)B&ih®3 2*»»*SH*. i<0 
£9IM!3 2tt. 4 O-8O^mmgi:-fftC:i:*<0 



m 1 (omzcoKibcw x's-co-mmtznh z t #-e 

[0033] 07(e) fcjjrf J: ^ fc, 

®mtt6 fcfflo* z b Jc <* oTit 1 £ nM^^W 
«*Ji2l^SltUfl.ctd(cJ9feL. 1$*-?-!.. 
fi. HgSrlO-lOOjumJSU*:?*. x-yf-y^*: 
lty4i/y7'V-l l zj;r>x. *Kl<7)4>-&<i:k-gp£ 

^ithm&btxtx\.\ z(r>xdi,zLxnmmim 

(C. PSgtt^<*«2 3±(Cff§*>'l 0^tmtt±^ 

<si«T" * . *mftm 2 <7)wth.m±-f h z t #t*# s . 

[0034] ISffit^nSg-f(:^^#:ii2 1 

K£fc;iffW/A 1 $>S^{iIT0^4> : Srl»nm®4 
Cct)^, IKJLfcnSHftHiimWMIJt 
Wir< t t>-*fcflWS J; 3 Cn«ff fflft 

[00 3 5] i^iot^liSr^L^^x^-^. '}? 

4HWU fbHt^Sr»ftCt**TS*. it&HaftXX 
*<?MM#JS#fti=J:->Ts ^x/\-coSiJfL^|5&±-C# 

hzbfrbfrmt w\*i±.l. ito^ x/\-<7)mwm 

S4. fcffcEoaaami. P m®3. nHfli4 

£ L E D (cififfl L^%&<0-Mi&l»BBt -5 . 
[0 0 3 6] tzbtif. "t7r4 7CH£S^l fc LT 
fflW #ffl*#»&ftft|§j££:ir& (MOCVD£) t 
.kOJMcSfl*. 02 (a) t^fiiO. &Kl±(C& 
« 1 b Bft»¥«ffcfl 2 b cr>m:Fjm<?)-F&-&S:®m 
€SA*. X 7rJi {fflr&?) , n®Bii:*-$-y?t|fl4 
tzt>(0 nmmiffl&mftm 2 1 -C* h n > ? 

2, dfA' , JT$-?gtt«tcmtjia6.5.fc^<0pS^7>-/H 
JB£ J: if P t ?f- 5 . y ? lg^5r'#s play 

[0037] A'-y 7 rJUiffiSfc J: oT^ B B a «ftSrff-p 
JtlSWl 0A-5O0A<7>GaNA>£>flfj£;Sii&„ ni 
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3>99hm\m& l-~20jum, *ftL<(i2-6At 

hm&ZKbm S i#F-TS*l£A I GaN*> 

22(±I nGaNKMUtiUL. GaN/In 
G a N/G a N c7)iji-#FJf * S V ^fi^Ilf #F1 fc 
LTflftfcLTiJ:^. p£:?7-y KJIttjRV 1 00~5 
0 0A^MgH-TAlGaN*»fe«JSSn4. 

0. 001-0. 5^m, jfiFSKJiO. 05-0. 2 

[0038] ^2 (b) izfjk-tmn. lanxotzm, 
zixKVx'\-npmmm*miffl23±iz. ni$- 

lOOAOJfSt-^L, *<3±fcPt£ 5 0 0A<OJI 

$T'^/N'-y ^ y vymz^zMfcLtz®. T-- 0 V 
yz'rro. dONi/ptOiffl^^ti, Ni/A 
u. Co/Aufc-J:tXPd/Pt i: LTtp^g-fb^ 

2 3 t 5 7 t&mw^tih . § 4> 

te» Ni/PtJi*»«» % Pt 2:5000 AcOffST' 

^«L, r^-uy^j-ff^mi pmS3i-rs. 

[0039] mip«ffi3 lJKSEfjft. 

i»Pd$r^A-i oo 0k<r>m^X'Xj^/9^yyhh 

V^i, ftS^tix-yf-yrtCioT^H^ffl-ftL^^ 
«"CT*JB3 2a£»|R-fS. CWPdiifcfibfmbl 
Xmth, -eUTT*«3 2a±(= % P-NiSrl0 
^mtt±, #4 L<(i5 0-3 0 0/zm<7)J?$t'*«-» 
^'^WotML ^2^igJi3 2bt-r^„ i;y 
***li5~10K>Wff*U\ fi«3tCAu5rlOOO 

Aoj? s x-ism^ v*t t:\imimz «t t»jw- 
* . Sftflftmitti 2 <?o« i izy-y r ■< rmcomm 

z&m&jgfgi-tzz btfnz u\ n i <m<n 

MnftfriZcomb LT(iCu, Au, Ag*>W4>il 

[0040] -eom, 02(c) s P m®3 

&lM£&6%f<?)m®$m6l l Zj:iXm®-t2>. z<r>x 

mi pSS3 1 fcJtttLT-ttttrWS 
2^55^3 2 b t (CI r>TXK9Fam(0 

xA-^'Mtfd t ZmskX'% . Vx'\-i>mtl&Zb% 

[0041 ] Z<?>mi 1 C0?3f^{i. 03(a) (Cijrf «k 

mnmmmi. nm.^v^9vm2\<rmm^z^y 

* - v *mtkW&* R I E (CT 1 - 2 x< mlSl y ^ 
-E-wf^ StUL^nSay^^ hB2 ltc 
f yyxy- >Z2 0A<?>m2X\ mZTJ^i-^M.i:3 
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^SrfTK S3 (b) fc*ctJ:3fc:n*fi4£»jfrf 

ftmLX .03(c) iZTfrti. 0 izmXTbtl . 
[0042] itz. ZZX'liVx^-co-kmZnmmi 
L fc*r, a*? - - y y\z J- 0 SWWc n 
mte4tMf$.?Z,Zklz£-,T. %%m*frL><?)%co® 

( mmm 2 > p 3 -coismatw 1 * mm 
wibtit. p%wmmt. mm?*3ffii35izim 

LT. 04 (a) I=**-J:3|c, »Kl$10;um~l 
0 0// mgjg nlMTO^f 2 1 «t d fcflf 

imm<mmmz!i;txmmzttuf*\,K *o 

flL 04 ( b ) (cijrtJ: 3^ *W isyfv-lzX o 

4Tmmito£TSn$mmtmw§2 uzmu ri 
e tzx nmm<wi*m&m 2 1 *< 1 - 2 ^ mgKm*i* 

[0 04 3] *Lt\ ^lfcJ:I/ni!^b«£ftl 
T^S-^AA 1 £30 WmZX'XJi-yfVyT'izJ; 

*>m.u r=-yy^tffv\ 04 (c) iz^t^o 
^^>^y-fcj:->T, 04 (d) K^-rj^t. » 

[0 044] d«0HSSCT2(i. n£!9fl3l#*ttJI21 

2 1 s-we ufirs <r t & . 

[ 0 0 4 5 ] 4Jt . nfg4 Li nSSflfttfm 

ft/12 1 *>£Wcj(MM-*iHRi$r< . B5 <a) fc^ 

j£LTb«fcV\ ^;tH5 (b) li. 05 (a) t^L 
fcn^Wfl*. nmm4<7>M±.frt>&ti¥WmX'b 

h. n$mimi*m® 2 1 izmmmi* 1 ot-*>& 

£ntBS4«-j&jS-f4i&S»i$r< v ^-v'JTjiAtc^ 

[0046]$ nSa^NI»ffcJB2 1 

OSfc^fcHfoRLTfcju. fcfc'U 06(405 (b) 
tWlU. ntm4£&±.frt>Mfz¥WfflX'b&. z<r>m 

x-ti. vg/tm^n^bfrt, n%mim¥&fti§2 1 



[0047] $uz. r<(*s>rv-tm\,\izk£x 
-> xmzmm-z z t *>\ M&wmmmzm*:* 

itmmm2 1 istm^itmmtnmx^&mn 

Sr l e d izmm LKW,-&cr>-m$;mW?& . 
[0048] fcfcitf. Wr-i TCWZW8.lt LT 
4«(2««ftHMBje«^S (MOCVDft) tc 
iOJfM?^*. 08 (a) iz^-tMO. SMlhlzm 
« 1 1 9^44f¥«(Mi 2 1 ^^?as;^g^$r^ft$ 

^h«. #+yTf^Cj:'9^^4l$^vSttl2 

[0049] A' 7 7 r«ifflSBtJ:^TISfirtfit1Tr> 
JtJRW 1 OA~5 0 0AOGaN^/o«^$ill,. nl 
3^^?hl»iMSl~2 0/xm, «FSL<{i2-6>u 
m(7)Si h*-7GaNj&>61»£S;h.4. niay 
^ ^ h J1±(C^ t ii' S i # H - 7°$ fufc A 1 G a N 

2 2141 nGaNrt^fg/fcLTicfc^U GaN/In 
G a N/G a N<50#-#FJli> l> V ^i^MM^tfFJBi 
LT««LTt»J:ir\ pi;?./ H©4KJil00~5 
OOAcOMgh'-TA lGaN*>/Mf|j£$ft.g>. t^:. 

c:opS^7>yK^t vSttJl^o^ + y row tiia6* J 

0. 001-0. 5/ira, »^L<{40. 05-0. 2 
^m<0MgH-rGaNj&»<5,«jfiSft.*. 
[0050] 08 (b ) fcjj^ta"). ±K*>J:3fc:#J* 
$tut7iA-^pIIft^#i2 3±(C, N i ^ 
1 00AiOJ?§T'^L. -eco±(cPt^ 5 00AO® 
$T'XA'.y y >^(c J: oTJBJfiLfctt. T— - 'J > 

Co/Aufc^lXPd/PtfcLTtpM^-ftfe^ 

mm 23t s y t&mmbtih. s a> 

IC, Ni/Pt/fSr^fftf^ Pt£ 500 0Ac7)J!E$T- 

7^-y>^$rffv^l pS«S3 1 tth. 
1005 1 ] »1 p1M3 1#«». SlP^ffi3 1± 
t«8SC0*®/NVT3 2 a*^$ft v iJcC ^JgA> 
T3 2 aiWB&ZtltzUftZWMtzm 1 P^flS3 1 ±t 
®%ZM3 2bt>m$&ixh. ^JSA>T3 2a{4, *A 

fc» ^ll«3 2bli, X,"}Tdr^|I^*^^$^„ 
i#lfe*R/<y7 , 3 2a*jJ:^fflJB«3 1 btioT. 
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2*«»jSSfl*. £*>R9l».ilJg3 2tt s 2 0/xmia± 

£-f6.ri#i?4L<. 4 0-8 0Atmigjgh-ri )( rt 

ST', S^lcO^iO^cO^^/x-^^gg^^^^ 
4fc, :M^\'y73 2afcJ;l>'ffl|| 
*3 2ba>4>$r6R9B&jUl3 2S'}tt<tfSfc, HtH(,«ia 
*tr^W*t%-fcf *C i: t J: oT«1»5flgB$0>>x 

c 0 0 5 2 ] 4 fc. toc^ v^afcttaawstj: 

AuJ1000A(OI§T«L Au*34fc*-*. 
Cltlfc«t-oT, Plffi3tU-HSW*S^fiv^^ 

[0053] f coflL 08 ( c ) (Cjjrf »9 , p««53 
«lH*a£E»OBfHH»tt6tJ:-9rW««-6. ^0«k 

0 m±m 3 2 * »«-rs i 1 1 j; .tiw»^ 

< . *»oTff (c»« 1 OSJigftfr odt 6 . 

[0054] C1C7)«« 1 wmmi. 09(a) Jcjjcf J: 

^ t , nSBftM¥«fM 2 1 *f«ffl-f h 4 "Cff 3 . * 

nfi3^^hJl2 1<«JF»(cJ:i)r 
* - 5>*W*fc«** R I E (CT 1 ~2 ix mggi 7 f- 

>y£ho. to®, m&itzn§i3>77 M2 it 

0 A^fSfXA-.y ? IJ y^^J; r^- y > 

^ftfrK 09 (b) CifJ:^nti4JMt 

oO^L^xA-ftr-f v->-^y-fcJ; ot 
tffPllT, 09(c) t^«t 3 0 
9fc*cU:WTU;, #^3K^{i2-5(7)^gy<>-7'3 2 
a Z^-tmfob Ltztf. 1 o^/c *)<?> 1 

«^>T3 2at LTtJ:<. sKr< fc loofcJK 
>-73 2aft#LTVtfl.fcirj:K 
[00 5 5] 4£. dCtli^iA-otstntlJ 

mffi4«-Jgfig-f&ittJ:oT. »MH*?i&»6o£<?5JR 
(£t6PU4 ) P^fii3^4T<0Ig{i||S(|fiF?i tig]® 

SLTs 01 0 (a) K^t«k3K, SlRlftl 0;um 
~ 1 0 0 M mggniifti^f 2 1 miZft-ti. 0 

<o». 01 o (b > (c^f«t dfc. *M yy^y-Ki 

a«lS-nS3>^^hiicO0. 5-2. 0>um 



r 4 7S« 1 fe«tl>' n Iffiflffltfawf 2 1 liZM t , R 

1 EI,ZX n £9fl4fe¥*ft« 2 1 0* 1 ~ 2 * mSKRVl 
£<fc3xy?-y^ftff3„ 

[ 0 0 5 6 ] * LT . ms. 1 fcil/nilttfifrf 

2 1fc*fU ^y^Xr>W$:2 0A<OJ?§-C\ *<Wk 
T^S^^AA 1 ftSOAOJfST-XKy^yyi/fcJ: 
OJBttU 7-->jy^m\ 010(c) fcjjcj-j: 
0lZnm.m4£Bf$.-t&. ZeDXoiZ&tftLtt*^- 
*y4i<v7V-lz£iX. 010 (d) (c^-fid 

iz, ftftmrmzttm-th. 

[0057] £*S«tW2tt s niffiftflMimfMi2 1 
[0 0 58] 4fc, n^g4(i^rLtnMMtt^l 

»«2 io^H{c^t-s^{i^< > $mm2m 

05 (a) {c^L^^B£*^^«0oj:3t, gp 
^W(Cn««i4Sr^LTiJ:V\ drt'05 (b) 
tts 05 (a) K*Un|S4«. n«fi|4<0K 
±A^a^ J FB0T'S)S. nfflSftHMf i »fWB2 1KJB 

[0059]$ nSSft^4^*Jl2 1 (C^-f 
SSft, *M^2tP8i, 06(C^-r t fcot%7fc^co 

06(i05 (b) tmm. n«®4ft«±A^M^ :s F® 
0T* & . £ <nmX'\t . J63t3IH t O't"t»3&» n SStt 
2 1 ^Tffi^t^SL HCTtfT*=SrV ^ 2 Um n « 

®4*<)B«$fLi,^* , >. ^-vyr^^s^^M^^ 

[00 60] §4K S ^^^y-feffln4it(c,t 
oTSft^jS-r^cii:^ IBK^iV^ilfifc:fr?t* 

=Sr < . ^(iK^ 4>f ^ * 'J TjiAftff 3 fe«t«fi3l5r 

^ < 1 1 -gpsos«fti^ l . n $mim*m#® 2 

lft«fflS-Wxtr J:v\ 
[006 1 3 

S^Pfflf ft»* LfcSflsftiNitWB ft ^-4 % 
JfcSR^ftllfit-f & w t *>'T-# 4 . 

[01] *56HJ«^|fi^<S 1 tcfcttS p CS^»jS 

*^s«^gf® 4 x'^xm^m^mz^-tmx'Syh . 

[02] *JMB<^i6Wlfc:tJ»t*p«ffio»«*»<5> 




[03] *m(ommiizmzms.<mi;frti,n 
[06 ] *micomffl2izt5if$>m<r>gmmzm+ 

[07 ] 4mo&lte>#JB2(c«ftt PtCOJgik 
[08 ] *affiaXttft|3 fctJlt* p«S*)#jfo&»fc 
[09 3 *|gBB^^itfiflJ3 (C&ftftSttOR£0>6 n 

wwwai * # jbmw^hh & ?<r>xm* m 
[0103 *m<7)9mm4 £.m&m.<minpt> 
[01 1 



(a) 




« 
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1 • • •U-7t47»£ 

2 • • • fl^NMcJI 

2 1 • • • n»IHWI 

2 2 • • • jgftJl 

23 • • - pSgftflftWUf 
3 • • • pH® 

3 1 • • -Hl&JgJl 
32 • ■ -KORgiJf 
3 2a- • • Ttf^l 

3 2b ■ • -m2&mm 

3 2c- • • &jgA'yr 
3 2 d • • • 
34 • • • Auf 
4 • • • ntH& 
5 • • - 

[023 
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